Abstract-Box-Wilson's method of design of experiments was used to maximize heavy metal removal from synthetic wastewater. The process of optimization was based on four independent pertinent parameters: agitation speed (150-250) rpm, initial metal concentration (20-40) mg/l, pH (4-8), and biomass dose (2-4) g/l. Lead was chosen as heavy metal. A maximum biosorption was practically attained following thirty runs of different experiments, as given by 24 -Central Composite Design (CCD). The best conditions were initial metal concentration 25.29 mg/l, pH 5.78, biomass dose 3.36 g/l, agitation speed 209.21 rpm. The gained data of experiments were used to form a semiempirical model, based upon a quadratic polynomial, to foretell lead ions biosorption. The model was examined using a statistical software (Design Expert® 11.0) and found adequate. Biosorption response surfaces and contour plots were generated using the developed model, which exposed the existence of high biosorption plateaus whose specifications will be beneficial in monitoring industrial scale or pilot-scale units of future to confirm economic achievability.
Introduction
There are numerous water pollution sources, but two principal categories are: indirect and direct pollutant sources. Indirect sources involve pollutants that enter the water supply from the atmosphere via rain water, from systems of soil water and groundwater systems; whereas, direct sources involve effluent outfalls from industries, refineries and waste treatment plants. Generally, pollutants come under two main classes, via inorganic and organic. Inorganic water contaminants include heavy metals and fertilizers discharged from industrial and agricultural processes. Some organic water pollutants involve industrial solvents, volatile organic compounds, insecticides and pesticides, etc. [26] .
Heavy metals are defined as metals with a density generally more than 5 g/cm3, that is five times larger than water. The heavy metals toxicity happens also in low concentrations in the range of 1 -10 mg/l. The toxicity resulted from heavy metals is generally caused by strong coordinating abilities [23] . Traditional technologies for removing of heavy metals are known to have specific main disadvantages at heavy metals concentration smaller than 100 mg/l. Problems involve incomplete removal of metal, requirements for costly equipment and controlling systems, high costs of energy or reagent and poisonous sludge creation or other listed waste products. Hence, an efficient new sustainable technology is needed to decrease concentration of heavy metals to environmentally acceptable level at an affordable cost. Lately, biosorption has arisen as an alternate technology for the removing of heavy metals.
Biosorption can be defined as the capability of biological materials to accumulate heavy metals from sewage through physicochemical or metabolically mediated pathways of uptake [7] . The biosorption is a process that utilizes low-cost biosorbents to sequester toxic heavy metals and organic pollutants such as microbial, fungal, seaweed, plant or animal origin [13] . Biosorption has different advantages over the traditional methods which involve: low cost of operating, biomaterial reusability, specific metal selectivity, short time of operation and no chemical sludge. Generally, biosorption is utilized for the treatment of heavy metal pollutants in sewage. Application of biosorption for organic and other pollutants could also be utilized for the sewage treatment [15] . The potential for microorganisms' usage in the metal-bearing sewage treatment has been studied intensively and many microorganisms involving algae, bacteria, fungi, yeast have been found to remove metals and organics from solutions. Microorganisms have a high surface area to volume ratio due to their minor size and consequently they can support a large contact interface, which interact with metals from surrounding environment [5] . The cell walls of these microorganisms basically comprise many organic compounds such as chitin, carboxyl, amino acids, acidic polysaccharides, lipids and other components offer numerous functional groups which can bind metal ions such as amine, hydroxyl, carboxylate, etc. Potent metal biosorbents under the class of bacteria involve genre of Bacillus [16; 24] , Pseudomonas [4; 25] and Streptomyces [14; 21] , etc. Important fungal biosorbents includes: Aspergillus [11; 12], Rhizopus [2; 19] and Penicillium [17] , etc. However, the isolation and growth of a species of microorganisms to remove a pollutant need to culture and provide a suitable nutrient media which is different according to the type of microorganisms. In addition, treatment of a specific kind of metals must coincide with a specific species of microorganisms. For example, Streptococcus equisimilis, Bacillus coagulans and Escherichia coli (bacteria) were used to reduce Cr(VI) [20] , Aspergillus versicolor (fungi) used in the biosorption of Pb(II) [22] .
In the present study, Dead Anaerobic Sludge (DAS) was investigated as a low cost, effective, economic and practicable biosorbent for heavy metals removal. This sludge is a biomass waste created from the regular biological activities of municipal sewage treatment plants. The volume being formed is increased with increasing municipal sewage to be treated, so rather than getting rid of the sludge, considered usage of this waste material appears to be a promising way of turning it into a valuable resource. The microorganisms overgrown in such sewage systems can be used for heavy metal removal as a cheaper and abundant biosorbent. Sludge wastes generated from wastewater systems considered as heterogeneous microorganisms' contents, contain bacteria, fungi, yeast and protozoa.
The objective of this research is to select design of BoxWilson for the optimization of the process factors: agitation speed, pH, initial metal concentration, and biomass dose for high removal efficiency of lead and cadmium from wastewater, by dead anaerobic sludge. Central Composite Design (CCD) was used to discover the effect and relation among process factors to get the abovementioned objective.
Materials and Methods

Material
Sorbate
A standard lead solution with concentration of (1000 mg/l) was prepared using Pb(NO3)2 salt. A (1.5985 g) of this salt was dissolved in (1 L) of distilled water and atomic absorption spectrophotometer (AAS) was utilized to measure the specific concentration of metal ion. The prepared solution was kept at room temperature and used as stock solution to prepare various concentrations of Pb2+ ion.
Biosorbent
The anaerobic sludge utilized in the present research was collected as sludge from sewage sludge collection system (Al-Rustamiyah sewage treatment plant, the third extension, Baghdad, Iraq).
To classify species of microorganisms, present in anaerobic sludge, the microorganisms found in the sludge were heterogeneous and consist mainly from facultative anaerobic bacteria, yeast and fungi. Sample were taken to assess its viable bacterial growth by microbiological culture at the laboratories of the Ministry of Environment. The results of the growth are shown in table 1. 
Experimental Design and Data Analysis
Central Composite Design (CCD), based on four independent process factors was utilized for the optimization of lead removal efficiency. Table 2 shows the Names and Levels of process factors (parameters).
The variables were coded according to equation (1):
where, X_i is the coded value of variable i, x_i the real value of an independent variable, x_0 the i'th variable range midpoint value, and ∆x_i refers to the change of the limiting two values of the i'th variable. The half value of the difference is the step size. Therefore:
X_1=(x_1-6)/( 2), X_2=(x_2-30)/( 10), X_3=(x_3-3)/( 1), and X_4=(x_4-200)/( 50) CCD in this study is: (i) a complete 24 factorial design, (ii) having center point (n_0) which its value is larger than 1, (iii) having two axial points (n_α) on the axis of every design variable at a distance of α= ±√K= 2, where K is the number of variables (K=4). Therefore a total number of design points of N=2^K+2K+n_0=n_j+n_α+n_0 and is obtained from the expression N = [star points (n_j); A quadratic polynomial was fitted to the data of experiments using the statistical software package DesignExpert® Version 11.0 to forecast the dependent variable response and the maximum independent variables values in the biosorption process. The processed quadratic polynomial is given in the following expression
where Y is the response, β_0 is the intercept (offset) term, β_i, β_ii, β_ij are the first-order, quadratic and interaction effects respectively; i and j are the index numbers for a parameter; and ε is the residual error. This polynomial results in a graphical representation known as Response Surface Methodology (RSM).
Results and Discussion
Statistical Analysis
Comparison of these values indicated that there was good consensus between experimental and predicted values about the considered range.
The predicted values were gained from the quadratic polynomial using the experimental values and using multiple linear regressions. Analysis of variance, using Design-Expert® Version 11.0 software, was implemented to evaluate the significance of fit of the quadratic polynomial.
All the readings of lead removal efficiencies (listed in table 4), were processed by ANOVA. A second degree polynomial model was fitted with these readings. Second order polynomial models gained in this study were used for each response to obtain the optimum conditions 
By comparison experimental and predicted readings, the results show a good matching in the defined range. ANOVA analysis shows the magnitude of F-values (32.68) and the low probability value (< 0.0001), proof the significant model fit. Furthermore, the model's R2 = 0.97, which is acceptable. R2 > 0.75 indicates aptness of the model. Also most values of (Probability > F) were smaller than 0.05, which confirms that the terms of model are significant. A good explain for that is the linear coefficient x_i, the quadratic coefficients x_i x_j, and the coefficient of 〖x_i〗^2 in equation (3) are all significant with a 95% probability. Adequate precision measures the signal-tonoise ratio. A ratio larger than 4 is desirable. Ratios of 21.472 indicate an adequate signal. This model, therefore, can be utilized for the design space navigation.
Three-Dimensional Graphical Representation of Lead Ion Removal Optimization
To clarify the best conditions for lead ion removal, the quadratic polynomial model was utilized to create response surface plots by response surface method. The three-dimensional plots were generated by keeping two of the variables constant at their midpoints and altering the other two variables within their experimental range. The results of response surfaces depicted the effect of pH, initial metal concentration, agitation speed, and biomass dose on biosorption of sludge. This plateau is depicted by the innermost contour. The plateau's peak coincides with lead removal efficiency of 91.6483%. This is in conformity with finding Öztürk et al (2014) [18] . The biosorption capacity increased with increasing metals initial concentration. With increasing concentration of metal ion, there is an increase in the amount of metal ion adsorbed due to increasing the driving force of the metal ions toward the active sites on the adsorbent [1] . The available pores become insufficient to adsorb, further lead ions are left in suspension. Similar observation is reported in literature [6] . The effect of initial lead concentration and pH on the removal efficiency for the system is presented by fig. 1. Fig. 1 shows that a highremoval efficiency plateau occurs in the surface over a lead concentration range of (22.34 -27.5 mg/l) and a pH range of (5.57 -5.96). The low adsorption capacity was at pH below 5.57 is due to the increase in positive charge density on the surface site, thus electrostatic repulsion occurs between lead ions and the functional groups with positive charge on the surface, then adsorption capacity decreased with increasing pH, this is due to the negative charge density on biosorbent surface increases as a result of deprotonation of the metal binding sites. Similar comment was made in Hao et al (2014) [9] . Fig. 2 depicts the response surface representing the interaction between pH-value and biomass dose on lead removal efficiency in the system. A plateau exists over pHvalue and biomass dose ranges between (5.49 -6.13) and (3.12 -3.63 g/l), respectively. The plateau's peak corresponds to a lead removal efficiency of 91.6483%. Hasan et al (2009) found that the maximum removal efficiency for lead was at pH 5 and at biomass dose 20 g/l. The interaction of agitation speed and pH-value on lead ion removal efficiency in the system is depicted, as response surface and contour plot, as can be seen in fig. 3 . The highremoval efficiency plateau corresponds to agitation speed range of (191.6 -226.59 rpm) and pH range of (5.26 -6.33). The biosorption capacity increasing with increasing of agitation speed due to the increased turbulence and consequently reducing the boundary layer thickness around the biosorbent particles resulted from the increasing of the mixing degree [27] . A relatively high lead removal (94.53%) in Cerino et al (2011) [3] was predicted at pH 5.2 and 102 rpm. The interaction of initial lead ion concentration and biomass dose on lead ion removal efficiency in the system is depicted, as response surface and contour plot, in fig. 1 . The high-removal efficiency plateau corresponds to initial lead ion concentration range of (23.51 -27.33 mg/l) and biomass dosage ranges of (3.24 -3.48 g/l). 2 shows The interaction of initial lead concentration and agitation speed on lead removal efficiency in the system is depicted, as response surface and contour plot. The high-removal efficiency plateau corresponds to initial lead concentration range of (21.98 -28.32 mg/l) and agitation speed range of (200.97 -217.02 rpm). 150 mg/l and 180 rpm are the initial lead concentration and agitation speed, respectively, required for the high-removal efficiency of lead in Garba et al (2016) [8] . 3 shows The interaction of biomass dose and agitation speed on lead removal efficiency for the system. It can be seen from this fig. that to achieve high-removal efficiency, biomass dose should be in the range of (3.08 -3.69 g/l) and the agitation speed should also be the range of (196.66 -221.8 rpm). The optimal values predicted were found to be within the design region. This showed that the model acceptably explains the influence of the selected variables on the percentage removal of metal.
Conclusion
Response surface methodology and ANOVA have been studied by using Design-Expert® software to find the best conditions for maximum removal of lead ion from wastewater, and by using quadratic polynomial, the conditions were calculated. The best conditions that obtained for maximum removal of lead ion from wastewater were pH 5.78, initial metal concentration 25.29 mg/l, biomass dose 3.36 g/l, and agitation speed 209.21 rpm. 
